The results of the preceding paper for the variation of the source function in a finite atmosphere are applied to the case of He n. A two-level atom is shown to be adequate for the treatment of the ionization equilibrium. Some comment is made on the observed values of Ly-a, Ly-ß, and X 4686.
I. INTRODUCTION
In an earlier paper, hereafter denoted by "(He n, Paper I)," we considered the case where the atmospheric region giving rise to a He n spectrum is sufficiently thick that somewhere within it the condition of detailed balance in the He n resonance lines is is satisfied. We showed that this condition required ro(He n Ly-a) > 10
6 . In such a region we computed occupation numbers for the energy levels of a model atom having three discrete levels and a continuum and found that the non-LTE factors, bk, satisfy bi~ bz^ ¿> 3 . The contrast with the situation for hydrogen, where detailed balance can permit bi^bi^ ¿3, arises because such a high value for ro(Ly-a, He 11) requires also a high opacity in the Lyman continuum and in the 2-3 subordinate line, which is not required for hydrogen.
If one shifts attention to atmospheric regions not satisfying detailed balance in the resonance lines, two kinds of region are of interest. One is the region lying at lesser optical depths than to ^ 10 6 but forming part of a larger atmospheric thickness somewhere within which to > 10 6 . The second is a region where the total thickness within which He 11 lies concentrated is less than the 10 6 value. A solution for source function, occupation numbers, etc., at the same optical depth in these two atmospheric regions will generally not be the same, because the transfer problem satisfies a different set of boundary conditions. The difference is not trivial; it can be several orders of magnitude, depending upon the total thickness of the He 11 region. Papers II-VII of the sourcefunction series contain the methodology for the first kind of region; for the second kind, we have presented a preliminary treatment in Paper VIII, accompanying the present paper. Unfortunately, even in cases where it has been recognized that the He 11 emission does not come from a semi-infinite atmosphere, it has not been equally recognized that the solutions for a semi-infinite atmosphere are not applicable (e.g., Athay 1960) .
In Section II we apply the results from the accompanying paper to compare solutions in semi-infinite and finite atmosphere for a two-level representation of the He 11 atom. In Section HI we consider a three-level atom to investigate the adequacy of the two-level representation and to comment on Ly-ß. We also comment on X 4686, which involves a four-level atom configuration. Thomas and Athay 1961) . Here n e~ 3 X 10 11 > tip, and n e has a scale-height of some 10 8 cm. We take H:He = 10. If He is largely He n in this region, its optical thickness-n-in Ly-a of He n is thus about 10 4 . If there is a steep gradient in T e and He becomes largely He n, ti will be less. Thus we compare the two cases of ri = 10 4 and 10 2 to the semi-infinite case where n > 10 6 . In Paper VIII, we discussed solutions in terms oí R = B v (lower region)/2?" (He n region). According to the preceding paragraph, R < B v X 10 4 )/i>" (2 X 10 4 ) ^ 10" 10 , for v corresponding to He n Ly-a. Thus from the results in Paper VIII, we see that the solution is equivalent to treating the He n shell as an isothermal slab isolated in space. So we have (see eqs.
II. TWO-LEVEL REPRESENTATION OE
[11] and [12] 
for the case drc/drL -O, which is satisfied for He it. The & a 's are determined as in the semi-infinite case. He n is collision-dominated, and, from our preceding paper on the optically thick case, we have
In considering possible values for n e and T e at a given height in the chromosphere, it appears necessary to decrease n e if T e increases. Therefore, we hold e fixed at a constant value in considering various alternatives on T e ; we choose e = 3 X 10 -8 as some kind of mean for T e ~ 2-5 X 10 4 and n e ^ 10 11 . For constant e, the Lds depend only on n ; so and NRB show a dependence upon ro that involves the single parameter n. The semiinfinite atmosphere corresponds to setting n = <». In Table 1 , we give the k a , L a , Sl, and NRB for e = 3 X 10 -8 and ri = co ? 10 4 ,10 2 . We also give values for fa and fa, in Table 2 , computed as follows.
To obtain the values of fa, fa-thus the degree of ionization and excitation-it is most 
in the notation of (He 11, Paper I). Then, ignoring photoionizations, which can be shown to be negligible, the equations of statistical equilibrium for this two-level atom are
for the values of A 2 i considered here. Note that, in the region where A 2 i > C2, there is no difference in the degree of ionization between finite and semi-infinite atmosphere. However, because NRB for the finite exceeds that for the semi-infinite atmosphere, b\ departs from the relation of the right hand of equation (6) at a lesser optical depth in the semi-infinite, than in the finite, atmosphere. The ionization will be greater, in the semi-infinite atmosphere, at the same optical depth-assuming n e and T e to be the same, once this departure sets in. Correspondingly, &2 will everywhere be less, in the finite atmosphere, relative to the semiinfinite.
b) Effect of a Gradient in T e
In the accompanying paper, Paper VIII, we noted that the radiative diffusion in a finite atmosphere acted to raise the source function in the lower T e regions on one side of a slab toward its values on the higher T e side of the slab. Also we note that the values of Sl on the higher T e side of the slab are lower than would be their values in an isothermal atmosphere having the same T e . Thus both these effects-T e gradient, finite slab-act to decrease Sl and increase NRB, relative to the semi-infinite isothermal atmosphere. In the same way, the ratio ^LÍmi^/^LÍmax) is greater in the isothermal case-the effect we have already noted and utilized in interpreting self-reversed profiles produced in the semi-infinite atmosphere (Jefferies and Thomas, Paper VI, 1960) .
Numerical calculations of the effect of a temperature gradient on and b\ can readily be made from the values comparing isothermal and non-isothermal cases given in the accompanying paper (Table 1) , using equations (6) and (7) of the present paper and the relation
Here we would only note that, corresponding to the rise in Sl in the lower-temperature regions already noted, we have a corresponding rise in ¿>2.
HI. EFFECT OF ADDING MORE DISCRETE LEVELS a) Three-Level Atom: Occupation Numbers and Source Functions
In the same notation, we have, for a three-level atom, the equations replacing those of equation (5), again neglecting photoionization,
We are interested primarily in the perturbation of the third level on the Ly-a source function, on the values of bi and ¿>2, and in what can be said on the Ly-0 source function. The collisional-ionization terms, Cy, are really significant only in the denominator of the expression for the bj, as seen for the two-level solutions (eqs.
[6] and [7] ). So we neglect them in considering the values of ¿>2/^1 and bz/bi, which fix the source functions. We obtain bj _ Ci2( A31 +A32) +C13A32 Thus, referring to Table 1 , we see that the condition is satisfied for the cases considered. For Ly-ß, we obtain ^3 __ Ci3 ( A 2 i + C23 ) + Ci2C2t (13) bi A21 ( A31 "h A32 ) +A31C23 
Now t 0 (3, 2) <<C 1, given the conditions in Table 1 , for the He 11 shell. Thus thejncident radiation field in X 1640 is fixed by conditions at r(X 1640) 1, where T e < 6000°. Also, €32 ^ 10~5. Consequently, {NRB)z 2 is order of magnitude unity and should show no appreciable variation through the He 11 shell. Thus, in this case (i),
so that, in this part of an isothermal atmosphere, the variation of b 3 /bi would be the same as that of b 2 /bi. This conclusion is identical with that already pointed out by Jefferies (1960) for Ly-a and Ly-ß of hydrogen. The depth in the atmosphere below which case (i) holds is, for He 11, considerably greater than that for H, as is seen from Table 1 , and Jefferies' result that it holds for r 0 (Ly-a, H) > 5. Conversely, we have case (ii): A 2 i > C23 C12/C13:
We make three remarks on the basis of these results for b 3 /bi. First, we note that the depth at which condition (14) is satisfied is a strong function of n and dT e /dh. Noting relation (8), we can use Tables 1 of this and the preceding paper to see that ro(Ly-a, He 11) at which case (i) becomes valid varies from about 30 in the case of a semi-infinite isothermal atmosphere to about 10 3 for the isothermal atmosphere with n = 10 4 , to being satisfied nowhere in the atmosphere for the cases n = 10 4 and the linear gradient in T e , or the isothermal case with n = 10 2 . Second, we caution that the conclusion of equality of variation of bi/b 3 -thus of Sl for Ly-a and Ly-ß below the particular depths computed here-holds only for the isothermal case; and caution must be exercised in applying it to an atmosphere whose structure is a priori unknown.
Third, we have already remarked on the illegitimate application of results from a semi-infinite atmosphere to discuss the expected emission from He 11 in the solar at-mosphere found in Athay's discussion of He i, He n, and H (1960) . Another objection to the same procedure arises here, relative to his discussion of Ly-ß for He n, which Jefferies (1960) has already voiced for Ly-ß of H. That is, Athay uses in effect the result for case (ii) to conclude that the central regions of Ly-ß are locally controlled, independent of the radiative-diffusion problem. Since the solution which he applied was derived for an isothermal semi-infinite atmosphere, we see from the foregoing that the region of its validity is less than 0 < to (Ly-ß) < 5, hardly sufficient for his discussion of the integrated flux, in the line, which must cover the region out to to ^ 10 4 . In the more likely case of a finite shell with a temperature gradient, the region of applicability of case (ii) is more extended, but one must use the proper theory to discuss its interpretation, particularly in computing the integrated flux.
b) The Observed Intensity of Ly-a and Ly-ß of He ii Thus far, observations exist only of the total flux in the lines (Hinteregger 1960; Rense 1959) , and there is considerable controversy as to the correction for atmospheric absorption. Since, as we have seen, the predicted profiles are strong functions of both n and r e (To), there is therefore little point in attempting to use the existing data to infer characteristics of the He n shell. It is best to await more complete observations; the methodology is clear, up to the uncertainty introduced by the approximations, such as constant €, made to permit algebraic solution. We would note only one thing: the fluxes given by Hinteregger for Ly-a and Ly-ß lie in the ratio about 3:1. From the results for either region (i) or (ii) given in section a, the predicted ratio will be larger by one or several orders of magnitude, depending on n and dT e /dh. Only in the case of vanishingly small n can we approach the small ratio given by HintereggeFs results.
Note one other point. If the intensity of Ly-a is large enough, it becomes of equal, or greater, importance with the Lyman continuum of hydrogen in specifying the value of b\ for hydrogen, in the region below the rise in T e at 1000-1500 km (cf. Pottasch and Thomas 1960 , for the description of this region; b\ is determined there by photoionization). If the He n shell is isothermal, we can use the observed values to estimate what to expect from the bottom part of the shell; if the shell has a rise in T e , the observed values will provide an overestimate. So long as Hinteregger's values are within a small factor of being correct, neglect of Ly-a of He n in treating the region below 1000-1500 km introduces no significant error. If the actual value exceeds HintereggeFs values by an order of magnitude or so, the analysis of the lower atmosphere must be repeated, including the He ii effect.
c) The Observed Intensity of X 4686
In our first work on He n (Zirker 1959) , we raised the question of the influence of the (2, 4) He ii transition coinciding with Ly-a of H. Note that the observed eclipse intensity of X 4686 requires 5 X 10~3 at 1500 km, for a spherically symmetric atmosphere, and a higher value under departures from spherical symmetry.
From the values of bi and in Table 2 , b z from equations (16) and (17), and an assumed coincidence between (2, 4) of He n and a section of Ly-a (H) which is 0.25 A wide (about 3 Doppler widths of He n) and has an excitation temperature of 7500°, we can compute the various rates of processes populating the fourth level of He ii. Depopulation is mainly by downward cascade. The dominant populating rate turns out to be the Ly-a coincidence, at = 2 X 10 4 , and upward collisions from first and second levels, at = 5 X 10 4 . Assuming that all these excitations go out of level 4 by downward cascade, we compute at the center of the isothermal slab for the case n = 10 4 and n e -10 n :w4 = 7 X 10 -10 at = 2 X 10 4 and 1 X 10 -2 at 5 X 10 4 . Thus it would appear that we require T e slightly less than 5 X 10 4 to accord with the observed Note, however, that, by considering the slab with a temperature gradient, having, say, Te -2 X 10 4 on the lower side and 5 X 10 4 or slightly less on the upper, we get values of
